The European Network for Inspection and Qualification (ENIQ) is a network dealing with the reliability and effectiveness of non-destructive testing (NDT) for nuclear power plants (NPP). ENIQ is driven by European nuclear utilities and is working mainly in the areas of qualification of NDT systems and risk-informed in-service inspection (RI-ISI). Since its establishment in 1992 ENIQ has performed two pilot studies on in-service inspection (ISI) qualification and has issued more than 60 documents. Among them are the "European Methodology for Qualification of Non-Destructive Testing", the "European Framework Document for Risk-Informed In-Service-Inspection", 11 recommended practices and a significant number of technical reports and discussion documents / position papers. ENIQ is recognised as one of the main contributors to today's global qualification guidelines for ISI. It is part of the international association on R&D on Gen II / III reactors NUGENIA and has a steering committee and two sub-areas (SAs), the SA on Qualification (SAQ), which works on issues related to the qualification of NDT systems and the SA for Inspection Effectiveness (SAE), which is focused on RI-ISI. The paper provides an overview of all recent, current and near-future activities of ENIQ. These include revision of all ENIQ guidance documents, a project with the aim of producing an ENIQ recommended practice on how to write a good inspection procedure, requalifications, use of machine learning in support of ISI of NPPs, and full scope RI-ISI programmes for NPPs.
Introduction
The European Network for Inspection and Qualification (ENIQ) is a network dealing with the reliability and effectiveness of non-destructive testing (NDT) for nuclear power plants (NPPs). ENIQ is driven by European nuclear utilities and is working mainly in the areas of qualification of NDT systems and risk-informed in-service inspection (RI-ISI). Since its establishment in 1992 ENIQ has performed two pilot studies on in-service inspection (ISI) qualification and has issued more than 60 documents. Among them are the "European Methodology for Qualification of Non-Destructive Testing", the "European Framework Document for Risk-Informed In-Service-Inspection", 11 Recommended Practices and a significant number of technical reports and discussion documents / position papers. ENIQ is recognised as one of the main contributors to today's global qualification guidelines for ISI. It is part of the international association on R&D on Gen II / III reactors NUGENIA and has a steering committee (SC) and two sub-areas (SAs), the SA on Qualification (SAQ), which works on issues related to the qualification of NDT systems and SA for Inspection Effectiveness (SAE), which is focused on RI-ISI.
More info about this article: http://www.ndt.net/?id=24654
The SC is the decision making body of ENIQ. It approves all the documents drafted inside the network, provides guidance and determines the direction of the network, represents the network to the outside, but also serves as an exchange forum for ISI related issues in NPPs for its members. The SC has currently 11 voting members who are entirely coming from European utilities with one vote per country. Voting members come from Belgium, Czech Republic, Finland, France, Germany, Hungary, Slovakia, Spain, Sweden, Switzerland and the United Kingdom. Additionally the SC has nonvoting members (observers) from Canada, USA, Japan and the leaders of the two SAs.
The technical work of ENIQ is performed in the two SAs. SAQ has more than 30 active members coming from utilities, qualification bodies (QBs), ISI vendors and research institutes. SAE has 11 active members coming mainly from utilities, research organisations and engineering companies. More information on ENIQ including all its current valid documents can be found on the NUGENIA website (www.nugenia.org). The history of ENIQ is summarised in the paper by Martin et al. [1] .
New issues of ENIQ Guidance Documents
The reputation of ENIQ as main contributor to today's global qualification guidelines for ISI for NPPs stems from its guidance documents, which are the "European Methodology for Qualification of Non-Destructive Testing" [2] , the "European Framework Document for Risk-Informed In-Service-Inspection" [3] and the ENIQ Recommended Practices (RPs). The currently valid ENIQ RPs are listed in Table 1 . The ENIQ guidance documents are acknowledged by nuclear regulators and new issues for all of them were published recently. 
RP2 Strategy and Recommended Contents for Technical Justifications [4]
The objective of RP2 is to support licensees, qualification bodies and inspection vendors to produce and assess a TJ. RP2 includes what and how the contents in a TJ could be described, including the definitions of influential and essential parameters and how these have to be treated. The appendices give examples of influential parameters for three commonly used inspection techniques.
RP4 Recommended Contents for the Qualification Dossier [5]
The objective of RP4 is to support licensees, inspection qualification bodies and inspection vendors to produce and assess a qualification dossier. The latter includes all the information relevant for the definition and the execution of an inspection qualification.
RP5 Guidelines for the Design of Test Pieces and Conduct of Test Piece Trials [6]
RP5 identifies issues to be considered when designing test pieces for use in experimental inspection qualification trials and provides recommendations for conducting these trials. This document helps plant owners, qualification bodies and inspection vendors in the execution of their respective roles in the qualification process. It is also intended to help the user in understanding the influence of essential input for the design of test pieces. Practical trials of NDT systems play an important role in the qualification of both inspection procedures and inspection personnel. RP5 addresses consecutively the design of practical trials, test piece design and test piece fabrication.
RP6 The Use of Modelling in Inspection Qualification [7]
The main objective of RP6 is to advice inspection vendors and NDT engineers on how to use modelling to develop inspection techniques and on how to use modelling results in TJs. It also supports licensees and qualification bodies to assess modelling results if they are used in a TJ. The document includes descriptions of models and provides examples on how they can be used as part of substantiation of an inspection. Restrictions in using modelling and measures which should be applied are also addressed.
RP7 Recommended General Requirements for a Body Operating Qualification of Non-Destructive Tests [8]
RP7 provides guidance on the minimum criteria that a body operating qualification of NDT should follow if it is to be recognised as impartial, independent of operational pressures, competent and reliable. Three types of QB are considered within this RP:
 Type 1: A QB which is an independent third party organisation;
 Type 2: A QB which is an independent part of the utility's organisation set up on a permanent or long-term basis;
 Type 3: An ad-hoc QB set up for a specific qualification.
RP7 is mainly intended to provide guidance on the requirements for qualification bodies with a permanent organisational structure (types 1 and 2). Ad-hoc qualification bodies (type 3), being more temporary and inspection-specific in nature, will generally be established in a less formal way. However, many parts of RP7 still provide useful guidance to those wishing to set up an ad-hoc QB.
RP8 Qualification Levels and Approaches [9]
RP8 is intended to provide guidance on the setting of qualification level and on determining the qualification approach based partly on this choice of level. The qualification level reflects the assurance required that the inspection will attain its objectives. This will largely depend on the safety significance of the component and the role of the inspection in assuring structural integrity. In practice, qualification can be done with varying degrees of complexity and cost. The way such work is carried out is defined in this document as the "qualification approach", and needs to take into account both the structural integrity significance and the difficulty of each specific inspection. The qualification approach determines to what extent the various aspects of qualification, i.e. TJ, open trials, blind trials etc., are included in a particular case.
RP9 Verification and Validation of Structural Reliability Models and Associated Software to be used in Risk-Informed In-Service Inspection Programmes [10]
Structural Reliability Models (SRMs) are commonly used to evaluate failure probabilities in the development of RI-ISI programmes. RP9 summarises the verification and validation requirements that a SRM and associated software should satisfy in order to be suitable for such programmes. These requirements are mainly based on the work performed within the NURBIM project.
RP10 Personnel Qualification [11]
RP10 is meant to assist those involved in the qualification of inspection personnel to meet the principal objective of personnel qualification, i.e. to ensure that those carrying out an inspection are appropriately trained, experienced and examined to ensure the inspection is applied correctly and effectively. RP10 provides detailed guidance on how to conduct personnel qualification, handle qualifications to be renewed, and defining the role and responsibilities of the parties involved.
RP11 Guidance on Expert Panels in Risk-Informed In-Service Inspection [12]
RP11 is meant to assist users of RI-ISI applications in how to form, prepare, conduct and facilitate an expert panel as a part of a RI-ISI process. It gives guidance on responsibilities, composition, planning, conduct and documentation of the expert panel.
RP12 Strategy and Recommended Contents for Inspection Procedures 1 [13]
The main objective of RP12 is to support licensees, qualification bodies and inspection vendors to produce and assess an inspection procedure. The document includes what and how the contents in an IP should be described. The appendices give examples of content of different types of procedures.
Definitions for commonly used terms in inspection qualification are given in the ENIQ Glossary of Terms [14] . All the ENIQ guidance documents and the ENIQ Glossary can be downloaded from the NUGENIA website (www.nugenia.org) under Resources.
Activities on qualification of NDT systems

The GUSIP project
The project Guidance on the USability of Inspection Procedures (GUSIP) was launched in 2016 with the aim to provide guidance on producing clear inspection procedures (IPs). An IP is a document prepared by the appointed (or approved or accredited) inspection body and has a significant effect on the reliability and results of an inspection. An IP is the controlling document that must describe in detail the application of a qualified inspection and provide assurance that the inspection has been applied correctly. Thus an IP needs to contain all the relevant information required for the inspection and the information needs to be presented in a way which allows the inspector to conduct the inspection effectively and efficiently. Practice shows that IPs are not always easily usable. The authors of IPs are often engineers and not the persons carrying out inspections.
The aim of GUSIP is to identify shortcomings in existing IPs and to define a content structure for an optimized IP that can be used for new or revised IPs. An IP should be a stand-alone document with only limited reference to other documents like technical justification, training dossiers, etc. The defined content structure for an optimised IP is part of a new ENIQ RP (i.e. ENIQ RP12 [13] ), which will be the final output of the project. RP12 will be primarily used by inspection designers and QBs and is in the final stage of the draft process. It will become available towards the end of 2019.
Sustainability of Qualifications
There are numerous factors that have potential impact on the validity of a qualification: changes to the procedure, changes to the equipment/software, discovery work on the component(s), need to make updates to documentation from logos, company names, correction of typos, changing references to other docs, etc., changes in the training program, changes to governance impacting on staff certification and/or qualifications, etc.
The above changes can result in considerable rework costs among all the parties involved (inspection vendor, QB, review team, etc. and can have impact on schedules (due to lack of a qualified procedure being available) and on training (cost and schedule). Also the above changes pose potential for audit findings and corresponding internal or regulatory actions to correct apparent discrepancies in qualification status and potential non-compliance with station operating licence.
A possible approach to avoid the above impacts and potential consequences is to maintain a current qualification certificate at all times. This requires quite some efforts for monitoring and management and could have impact on cost and training demands before a revision. An alternative approach is to manage changes internally against a "generic" certificate. This requires gaps to be managed and ___________________________________________________________________________ 1 RP12 is a new ENIQ RP and will become available in late 2019. monitored and has potential for un-resolvable gaps. In addition this approach could be challenged by the regulator with regards of meeting nuclear code requirements.
To compare how countries handle re-qualification of existing qualified procedures a benchmarking questionnaire was prepared inside SAQ. The questionnaire covers four broad areas:
• When do qualified procedures expire?
• How are different types of changes handled?
• Graduated process or all treated the same?
• Responsibilities for the re-qualification of procedures.
Representatives of QBs of various countries active in ENIQ SAQ will answer the questionnaire. The received answers will be collected in an overview matrix, which may be used for making recommendations on how to manage and document the maintenance of qualifications. These could be included as an appendix in an ENIQ RP, most likely RP2 for its next revision.
NDE qualification of software using artificial intelligence / machine learning
A number of organisations (e.g. EPRI, Intercontrole, Trueflaw, …) are currently developing artificial intelligence (AI) / machine learning (ML) toolkits to support ISI of NPP components and the qualification of such systems triggered significant discussion among SAQ. ML is a subset of AI and three different types of ML can be distinguished:
• Supervised learning: data is supplied with labels (e.g. facial recognition),
• Reinforced learning: Learning from interactions with environment via reinforced algorithms (e.g. playing chess),
• Un-supervised learning: Learning via massive amount of unlabelled data.
First ML toolkits may become available by 2021 and the question is how to qualify them. Some SAQ members propose to issue an ENIQ RP or at least a report on the subject, while focussing on supervised learning and reinforced learning. This document can serve as guidance for QBs on the subject. Some SAQ members think that it is too early to issue an ENIQ RP on the topic and do not share the view that ML finds its way into ISI of NPPs that quickly. However, there is consensus among SAQ that in the long term some guidance is required on use of ML for ISI of NPP to ensure a common understanding on the subject. For the time being SAQ members agreed to issue a position paper on the topic that will become available next year.
Beside qualification of ML systems for NPP ISI some SAQ members are working on the development of ML systems for NDT, primarily using PAUT data. Deep learning convolutional neural networks (CNNs) have achieved human-level performance in many applications (e.g. image classification, detection of anomalies, etc.) and thus they are potentially a way of automating more challenging flaw detection (e.g. flaw detection in complex ultrasonic signals). The task of flaw detection is similar to image classification and the recent development can be expected to aid also flaw detection. Also good computational resources are available. However, there are a number of challenges:
• ML requires a lot of data, but NDT data with representative flaws is scarce;
• Requirements are high, so result validation is important;
• Comparison to human performance is vital but difficult (POD curves are not generally available for easy comparison).
A way to address the above challenges is data augmentation, i.e. eFlaws. They enable sophisticated data augmentation, so limited sets of real flaws can be extended to form large data sets for ML.
Based on the experience of some SAQ working on the topic qualification of ML systems amounts to versioning learned models as any software, defining a procedure to use the models as for any software/tools and using technical justification, open and blind trials to qualify the procedure as with any procedure. The challenge is that the role and quality requirements of blind trial data increases. They conclude that qualification of a ML system can be done. Modern ML algorithms with sophisticated data augmentation using eFlaw's can learn to detect flaws with high accuracy and the performance exceeds human performance by a clear margin. The overall challenges are that limited real flaws do not cover flaw variation (thus some more flaws needed for validation) and the limited noise data available (so use of plant data for characteristic noise would be interesting).
Assessment of NDT simulation software
SAQ members recently discussed launching a study on the assessment of NDT simulation software. But before embarking on such a study an investigation on recent and ongoing projects and available publications on the topic was performed. The investigation revealed that quite a number of projects on the topic were completed recently or are still ongoing and consequently a considerable number of publications are available. Most of the work in this area was published as technical papers in conference proceedings, but also comprehensive reports are available. Some of the results are freely available, where as others are available at cost or provided as part of the researchers business model. There are a number of recently published reports available on the topic from EPRI, some of them free of charge (e.g. [15] [16] [17] ), a very comprehensive report by the Pacific Northwest National Laboratory (PNNL) [18] and the Swedish regulator SSM [19] . In view of these reports and ongoing activities by e.g. the Materials Ageing Institute (MAI), PNNL, Iowa State University, etc. SAQ members decided to study these in more detail before embarking on an own study.
Other future SAQ projects & activities
For the future SAQ considers working on the following projects and activities:
• Simulated indications for operator qualification maintaining proficiency of the operators;
• Harmonisation on the design of practical trials and production of test pieces for qualification of ISI procedures and personnel;
• Inspection considerations for design of new plant.
ACTIVITIES RELATED TO RI-ISI
RI-ISI for mechanical components in NPPs
SAE currently develops a project proposal to provide guidance for extending the RI-ISI approach to mechanical components. Current RI-ISI programmes often cover piping systems only, which limited the spread of RI-ISI to a number of countries, as their regulators demand whole plant RI-ISI schemes for general deployment of RI-ISI, and not limiting RI-ISI to piping systems only. The scope of the planned project will be on passive pressure retaining metallic components excluding the reactor pressure vessel and reactor internals for the time being. Containments and electrical equipment will also be excluded. The same applies to active components, except passive parts of active components, e.g. housings of valves. The scope of the project should not be limited to safety class 1 components. SAE aims at issuing a high level guidance document providing a set of main principles. After that, the group can work further on more specific topics.
Future SAR projects & activities
SAE has no concrete plans for new projects and activities in the near future, but review of RI preservice inspection (PSI) for new build and modifications of existing NPPs could be a topic for projects and activities in the mid-to long-term.
Conclusions and outlook
ENIQ is a utility-driven network dealing with the reliability and effectiveness of NDT for NPPs. ENIQ is recognised as one of the main contributors to today's global qualification codes and guidelines for ISI. As such, ENIQ has always been playing a first order role on state-of-the-art qualification, creating the first qualification methodology based on technical justifications, European framework on RI-ISI, issuing various RPs and carrying out pilot studies and surveys resulting in the publication of more than 60 documents since its establishment in 1992. Currently SAQ is in the final stage of producing an ENIQ RP providing guidance on how to write inspection procedures. Also SAQ has issued a benchmark questionnaire on re-qualification of existing qualified procedures. Representatives of QBs of various countries active in ENIQ SAQ will provide answers and they may be used for making recommendations on how to manage and document the maintenance of qualifications. SAQ launched discussions on the use ML for ISI of NPPs and how such ML can be qualified within the ENIQ framework. SAQ is currently drafting a corresponding position paper on the issue. SAE is currently developing a project proposal to provide guidance for extending the RI-ISI approach to mechanical components beyond piping, but excluding RPVs and reactor internals. The goal is to issue a high level guidance document providing a set of main principles. Having all its guidance documents revised and with its current and newly launched activities ENIQ will maintain its role as one of the main contributors to today's global qualification guidelines for ISI. Additional information concerning ENIQ and its activities as well as publications can be obtained from the NUGENIA website: www.nugenia.org.
